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INTRODUCTION

The term "green synthesis" refers to the use of naturally
occurring organisms like bacteria, fungi, plants, actinomycetes,
etc. in the biosynthesis of nanoparticles to produce particles,
which are safe for the environment [1,2]. A number of appro-
aches are available for the synthesis of silver nanoparticles
viz. a photochemical method [3], thermal decomposition of
silver compounds [4], electrochemical method [5] and green
chemistry routes [6,7]. It appears that several methods for
synthesizing nanoparticles are both expensive and selective
in their usage of potentially harmful chemicals. These hazard-
ous chemicals may cause contamination on the surface of the
nanoparticles similar to the adverse effects of metals in applic-
ations [8].

The biosynthesis of nanoparticles has gained a lot of interest
as a means of materials synthesis and for good reasons as it
doesn’t harm the environment [9]. Plant leaves and seed extracts
contain reducing sugars (aldoses), terpenoids, amino acids and
other chemical substances, which are essential for changing
nanoparticle formation [10]. Several metal nanoparticles such
as gold, silver, zinc, iron, etc. have been synthesized easily by
adopting a green approach [11]. The phytocompounds present
in the plant extract such as polyols, terpenoids, polyphenols
are responsible for metallic ions bioreduction [12-15].
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The antimicrobial and multi-drug resistance (MDR) of
human pathogens made as problematic issue which needs to
discover new natural alternates to overcome this problem [16].
Among the several promising metal nanomaterials, AgNPs
seem to be potential antibacterial agents due to their large
surface-to-volume ratios and crystallographic surface structure
[17]. Moreover, modification of the silver nanoparticles by
polymers and surfactants revealed high microbial activity
against Gram-negative and Gram-positive bacteria [18]. Poly-
vinyl pyrrolidone (PVP) is one of the significant capping agents
which has been utilized in the nanotechnology field to over-
come drawbacks associated with conventional methods of
preparation of nanoparticles such as their toxicity, size and
agglomeration [19,20]. In literature, PVP has been employed
as a capping agent around metal nanoparticles such as iron,
silver, gold, zinc, etc. [21].

As several biologically active compounds have been isolated
from water rose apple (Syzygium aqueum) e.g. epigallo-
catechin, epigallocatechin gallate, vescalagin, castalagin and
samarangenins A and B [22]. This study focuses on the synth-
esis, characterization, antibacterial and antioxidant activities
of polyvinyl pyrrolidone (PVP) encapsulated AgNPs synthe-
sized using aqueous extract of water apple (Syzygium aqueum)
leaves.
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EXPERIMENTAL

The leaves of Syzygium aqueum were collected from local
nursery of Patan city, India. All the purchased chemicals were
of analytical grade and used as received without further puri-
fication. Silver nitrate was purchased from Sigma-Aldrich, USA
and polyvinyl pyrrolidone (PVP, m.w. 40,000) was purchased
from SD Fine Chem. Ltd. Antimicrobial pathogens were obtained
from Microbial Type Culture Collection (MTCC) and Gene
Bank, Chandigarh, India. Throughout the study, mili-Q water
(ultrapure water) was used for the preparation of solutions.

Preparation of leaf extract: Fresh Syzygium aqueum
leaves were washed thoroughly with deionized water. The leaves
were then ground in a grinder after being dried on filter paper.
Dried leaves powder was boiled in 100 mL ultrapure water
between 60 to 70 ºC. The mixture was cooled and filtered using
Whatman filter paper. The obtained yellowish coloured plant
extract was stored at -4 ºC for further use.

Synthesis of silver nanoparticles: To Erlenmeyer flask,
silver nitrate solution and Syzygium aqueum leaves extract were
mixed and boiled for 1 h at 60 ºC with constant stirring [23].
After 1 h, the change in colour from a pale yellow colour to a
dark brown was observed. The mixture was cooled for 20 min
and centrifuged at 10,000 rpm for 20 min at room temperature.
To remove any leftover contaminants, the precipitates were
washed with deionized water and then dried at 70-75 ºC for 4 h
in oven.

Synthesis of PVP encapsulated silver nanoparticles:
Polyvinyl pyrrolidone (0.2 g) was dissolved in 100 mL of ultra-
pure water and stirred for 1 h at 80 ºC. The leaves extract derived
AgNPs solution was then gradually added to PVP solution.
After 1 h, the colour change was observed from dark brown to
light brown. The resultant mixture was centrifuged at room tempe-
rature for 15 min at 6000 rpm. Using deionized water, the preci-
pitate was washed and then dried in an oven for 2 h at 70 ºC.

Characterization: The spectra of the synthesized AgNPs
and PVP functionalized AgNPs was monitored by a UV-Vis
spectrophotometer (Varian Inc., USA) from 300 to 600 nm.
The FTIR analysis was performed in the 4000-400 cm–1 region
with a resolution setting of 5 cm–1 to confirm the functional
biomolecules associated with the synthesized AgNPs and PVP
functionalized AgNPs. XRD analysis was performed to ensure
purity using a Rigaku D/max 40 kV X-ray diffraction spectro-
meter. High resolution transmission electron microscopy (HR-
TEM) was used to analyze the structural morphology of the
synthesized AgNPs and PVP functionalized AgNPs.

Antimicrobial activity: Biosynthesized AgNPs and PVP-
functionalized AgNPs were examined against Gram-positive
and Gram-negative bacterial strains. Agar diffusion techniques
were used to test the antimicrobial efficacy [24]. In the Petri
dish plate, the nutritional agar medium was evenly spread and
a 10 mm diameter disc was placed in the centre and employed
100 µL of AgNPs and PVP-AgNPs to test the efficiency of
nanoparticles. The culture medium was kept at 37 ºC in an
aerobic atmosphere for 24 h. The generation of zones on petri
dish plates can be linked to the antimicrobial capabilities of
AgNPs and PVP-AgNPs.

Antioxidant properties

DPPH radical scavenging activity: The biosynthesized
AgNPs and PVP-AgNPs were evaluated for their antioxidant
activities using the DPPH technique [25]. Because of its
significant antioxidant capabilities, ascorbic acid was adopted
as a standard. For the experiment, ascorbic acid solutions of
various concentrations (20, 40, 60, 80, 100, and 120 µg/mL)
were prepared. To make DPPH, 20 mg of DPPH was weighed
and dissolved in 100 mL of methanol. One mL of DPPH solution
was mixed with one mL of biosynthesized AgNPs and PVP-
AgNPs and 1 mL of standard ascorbic acid solution and the
mixtures were incubated separately for 30 min. The absorbance
was measured with a UV-visible spectrophotometer at 517 nm.
The free radical scavenging inhibition was calculated using
the following formula:

control sample

control

A A
Antioxidant activity (%) 100

A

−
= ×

Super oxide anion radical scavenging assay: A mixture
of nitroblue tetrazolium (NBT, 1 mM), reduced nicotinamide
adenine dinucleotide phosphate (NADPH, 1 mM) and phenazine
methosulfate (PMS, 0.1 mM) was incubated for 5 min at room
temperature with various quantities of biosynthesized AgNPs
and PVP-AgNPs and the absorbance at 560 nm was determined.
The percentage of inhibition was calculated by comparing it
to a previously determined separate control number. The ability
to scavenge was measured using the following equation:

c s

c

Scavenging effect (
A A

100
A

%)
−= ×

where, Ac is the absorbance of the control and As is the absor-
bance of the sample or standard.

RESULTS AND DISCUSSION

The darkening of the precursor solution to a dark brown
colour and the formation of brown precipitation on the inner
surface of the reaction flask indicated that the biosynthesis of
AgNPs was effective following the addition of S. aqueum leaf
extract. The colour of a nanoparticles is confirmed by the surface
plasmon resonance (SPR).

UV-visible spectroscopy: The stabilizing agent method
was followed by a reduction of Ag+ ions before AgNPs were
formed. For biosynthesized AgNPs, a 451 nm band in the UV-
visible spectrum was observed in the UV-visible spectrum (Fig.
1a-c). Silver nanoparticles exhibited a surface plasmon peak
of 400-500 nm [26]. In the synthesis of biosynthesized AgNPs,
the leaf extract of Syzygium aqueum acts as a reducing-cum-
surface capping agent. While in the PVP encapsulated AgNPs
exhibited absorbance peaks range from 447 to 458 nm [27],
which are in agreement with the reported research [28].

FTIR studies: In the biosynthesized AgNPs, the key peaks
were observed in the FTIR spectra (Fig. 2a-b) at 3410, 3138,
2087, 1632, 1450, 1371, 1089, 837, 646 and 565 cm–1, while
in case of synthesized PVP encapsulated AgNPs, the peaks were
recorded at 3402, 3224, 2079 and 2378 cm–1. Both AgNPs
and PVP-AgNPs have the same C-H bonding vibrational peaks
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Fig. 1. UV-visible spectrum of (a) plant extract, (b) AgNPs, (c) PVP-
AgNPs
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Fig. 2. FT-IR spectrum of (a) AgNPs, (b) PVP-AgNPs

at 1371 and 1361 cm–1. The OH stretching of phenolic groups is
associated with the conspicuous band attributed to 3402-3410
cm–1. The peaks at 1450 and 1371 cm–1 peaks were due to the
N-H stretching of primary amines. Due to the presence of metal
carbonyl stretching polymer, the bands at 1632 and 1622 cm–

1 can be traced to C=O stretching (Fig. 2). When the stretching
vibrations associated with –OH and CH/CH2 groups are integ-
rated with the aliphatic hydrocarbon group in polysaccharide,
the proteins and polyphenols are molecules attached to the Ag
surface, which is confirmed because of the presence of peaks
at 1637 and 1632 cm–1 [29-31]. The biosynthesized AgNPs and
polymer-capped AgNPs were both produced using an extract
from Syzygium aqueum leaves as a reducing agent. The results
are in line with previous studies [32].

XRD studies: Fig. 3 shows the XRD patterns of biosyn-
thesis of AgNPs and polymeric encapsulated AgNPs. The face-
centered cubic (FCC) crystalline structure phase of silver is
well-indexed by all diffraction peaks, which are in good accord
with JCPDS file no.89-3722. At 27.74º (111), 32.17º (200),
38.09º (220), 36.20º (310), 46.23º (220), 77.41º (311) and
85.57º (322), indicative of significant diffraction peaks were
detected. All of the peaks are in the same place, which is consi-
stent with silver. A bioconjugate between the polymer compo-
nent and the formed polymeric capped AgNPs was modified
by the PVP polymer in terms of phase change. The consider-
able reflection at (111) indicates that nanocrystal growth is
almost complete [33]. According to the Debye-Scherrer’s
equation, the average crystal size of biosynthesized AgNPs
was 8.75 nm.
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Fig. 3. XRD pattern of PVP AgNPs

HRTEM studies: The spherical, well-spread and homo-
geneous agglomerated synthesized PVP encapsulated AgNPs
particles were in the range of 4 to 13 nm as recorded in the
HRTEM image (Fig. 4). The chemically reduced Ago ions were
made zero-valent by coating them with biological molecules
(extracted from Syzygium aqueum leaf extracts) that contain
surface-bound hydroxyl groups [34]. Fig. 4 revealed the ring
patterns are shown by the SAED pattern (Fig. 4d). The TEM-
derived curve for size distribution is shown in Fig. 5.

Antimicrobial activity: The antibacterial activity of AgNPs
synthesized from the water rose apple leaves extract and poly-
meric encapsulated AgNPs were investigated using a disc
diffusion method. The antibacterial activity of PVP-AgNPs
was shown to be strong against all the tested bacterial pathogens
at 100 µL concentration. As shown in Table-1, the maximum zone
of inhibition for S. typhi is around 20 mm. For E. coli, B. subtilis
and S. aureus, the zone of inhibition was about 18, 17 and 19
mm, respectively. AgNPs in polymer PVP have been proven to
be more effective antibacterial agents, since they cause better
conformational changes on bacterial cell walls, which increase
membrane permeability and lead to bacterial cell death [35].

Vol. 34, No. 12 (2022) Studies of Polymeric Functionalized Biogenic Silver Nanoparticles and their Biological Activities  3253



5

4

3

2

1

0

C
o

un
t 

(%
)

4 6 8 10 12 14
Diameter (nm)

Average particle size = 8.75 nm

Fig. 5. Size distribution curves from the TEM analysis and SAED pattern
of PVP functionalized b-AgNPs

Antioxidant properties: Different concentrations of the
biosynthesized AgNPs and PVP-capped AgNPs on DPPH

radical scavenging activity are illustrated in Fig. 6a. The PVP-
capped AgNPs exhibited 52.94% increase in the antioxidant
activity at 120 µg/mL, whereas an the same concentration, the
standard ascorbic acid demonstrated 50.19% inhibition.

As can be seen in Fig. 6b, the antioxidant scavenging activity
using super oxide anion radical scavenging assay was 44.56%,
46.32% and 45.41% exbited by biosynthesized AgNPs, PVP
encapsulated AgNPs and ascorbic acid, respectively at the concen-
tration of 120 µg/mL. Moreover, an increase in the concentration
of nanoparticles resulted in an increase in the suppression of
superoxide.

Conclusion

This study utilized bioorganic components from Syzygium
aqueum leaves as potential reducing and stabilizing agents
for the synthesis of silver nanoparticles (AgNPs). Moreover,
in order to enhance the biocompatibility of AgNPs, the
polyvinyl pyrrolidone (PVP) encapsulated nanoparticles were
also synthesized. The encapsulated PVP onto AgNPs was con-
firmed by analytical techniques viz. UV-vis, FTIR, XRD, HR-
TEM and SAED. The size of PVP encapsulated silver nano-
particles was found to between 4 to 13 nm. When compared

 (b)

(d)

Fig. 4. HR-TEM image of PVP-b-Ag NPs observed at 50 nm (a), 100 nm (b), 5 nm (c) and (d) Selected area electron diffraction (SAED)
pattern of PVP-b-AgNPs
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TABLE-1 
ANTIBACTERIAL ACTIVITY OF PLANT EXTRACT, SILVER NANOPARTICLES OF  

Syzygium aqueum LEAVES AND PVP CAPPED SILVER NANOPARTICLES 

Inhibition zone (mm) 
Test sample Concentration (µL) 

E. coli S. typhi B. subtilis S. aureus 
Plant extract 100 15 18 15 15 

Penicillin 100 13 16 14 16 
AgNPs 100 17 18 16 18 

PVP-AgNPs 100 18 20 17 19 
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Fig. 6. (a) DPPH radical scavenging activity and (b) super oxide anion radical scavenging assay

to traditional antibacterial medications, the PVP-AgNPs
demonstrated greater sensitivity for S. typhi than E. coli, S.
aureus and B. subtilis. According to the present observations,
synthesized PVP encapsulated AgNPs were found to be better
choice as antibacterial and antioxidant agent as compared to
neat AgNPs in the antimicrobial activities.
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